The dissipation of solar energy and consequently the formation of the hydrological cycle are largely dependent on the structural and optical characteristics of the land surface. In our study, we selected seven units with different types of vegetation in the Mlýnský and Horský catchments (south-eastern part of the Šumava Mountains, Czech Republic) for the assessment of the differences in their functioning expressed through the surface temperature, humidity, and energy dissipation. For our analyses, we used Landsat 5 TM satellite data from june 25 th , 2008.
The vegetation cover plays an important role in the energy balance on the earth surface. Through evapotranspiration, the vegetation actively dissipates a significant part of the incoming solar energy into latent heat (Pokorný et al. 2007) . This is particularly important in creating the water cycle (Ripl 2003) .
The capacity of the surface for solar energy dissipation through latent heat depends on a number of factors. The most important for the functioning of the cultural landscape is its management which, through economic interventions such as mowing, grazing, deforestation etc., affects the vegetation cover, hydrology and, consequently, the distribution of solar energy. These changes may cause disturbance in the matter discharge from river basins (Procházka et al. 2008) , micro and meso-climatic changes (e.g. Gordon et al. 2005; Makarieva et al. 2006; sivakumar 2007) , as well as changes in biodiversity. Consequences as great as inflow (rain)-outflow changes in some river basins have been suggested (for example, Piao et al. 2007; Wattenbach et al. 2007 ).
Our study is part of an extensive long-term research, which has focused on the relations between hydrology of small stream catchments and the supported by the Ministry of education, Youth and sports of the Czech Republic, Project no. MsM 6007665806. economic and agricultural activities within them. Our previous publications were focused on chemical characteristics of the water discharged from the areas studied (Procházka et al. 2001 (Procházka et al. , 2008 , and temporal and spatial distribution of the surface temperature in different stands (Hais et al. 2006; Brom & Pokorný 2009 ). The aim of the present study was to evaluate the surface temperatures in detail, humidity, amount of vegetation, albedo, and the energy fluxes in different vegetation units of two mountain catchments using remote sensing.
MATERIAL AND METHODS

Study site
The study site is situated in the south-eastern part of the Bohemian Forest in the Šumava Biosphere Reserve (Czech Republic) and belongs to the south-eastern promontory of the Trojmezná ridge called svatotomášské pohoří (Czudek 1972) . The geology of the studied area is made up mostly of granite with acidic brown soils (cambisol). The selected catchments of the Mlýnský and Horský streams are characterised by different types of land cover. The Mlýnský catchment consists of semiintensive drained pastures (alliance Cynosurion), mowed meadows (alliance Arrhenatherion), and degraded and ruderal vegetation. The Horský catchment consists of wetlands (herbal and shrubby communities of alliance Calthion), spruce forest, and mowed meadows (alliance Arrhenatherion). For more details on the vegetation and primary production see Hakrová (2003) and Procházka et al. (2001) . The altitude of the catchments under study ranges from 784 to 1026 m with an average annual rainfall between 950 and 1050 mm and mean annual air temperature 5°C. The catchments have similar areas (Mlýnský 2.128 km 2 , Horský 2.063 km 2 ) and expositions (sW, ne). The distance between the observed catchments is approximately 1 km.
Data description
For the analyses of the functional features, we used remotely sensed data. The data were obtained by processing Landsat 5 TM scene which was acquired on june 25, 2007, 9:38 GMT. The spatial resolution of the Landsat satellite system is 30 m for VIs, nIR, and sWIR spectral bands, and 120 m for the thermal band. For further processing, the pixels of the thermal band were Figure 1 shows the spatial distribution of the units.
For the satellite data processing, we used additional meteorological data from an automatic meteorological station situated in the Mlýnský stream catchment (from 9:45 GMT+1) -air temperature (21.08°C), relative air humidity (67%), and incoming global radiation (813 W/m 2 ). Meteorological conditions prior to the data collection are important for evaluating the results. Table 2 shows the mean values of the air temperature, relative humidity of the air, sums of incoming global radiation, total net radiation, and daily precipitations of five days before the data acquisition.
Temperature, humidity and Normalised Difference Vegetation Index (NDVI)
Thermal characteristics were obtained from Landsat 5 TM thermal band in the spectral range from 10.42 to 12.5 μm. The surface temperature was computed using the THeRMaL Idrisi 15 andes module (Clark Labs 2006) . To get the real surface temperature, we used the surface emissivity (ε) which was computed as follows (Van de Griend & Owe 1993) :
nDVI describes the relative amount of green biomass. It was computed using the following formula: We used the Tasseled Cap wetness index for assessing the surface moisture. This was computed using the TassCaP Idrisi andes Module. For more details see Lillesand et al. (2004) .
Radiation balance
The radiation balance of the surface was calculated from the radiation balance equation:
where:
Rs ↓ -incoming short wave radiation (global radiation; W/m 2 ) measured at the surface using a pyranom-
The arrows indicate the direction of the energy flux. albedo (α) was acquired from spectral reflectances (unitless) using the conversion formula (Liang et al. 2002) α = 0.365α 1 + 0.130α 3 + 0.373α 4 + 0.085α 5 + 0.072α 7 -0.0018 (4) spectral reflectances were computed for Landsat 5TM spectral bands (Chander & Markham 2003) :
-indicates the spectral channel of the satellite
The spectral radiance was computed using the RaDIanCe Idrisi 15 andes module (Clark Labs 2006) .
The calculation of the long wave radiation was based on stefan-Boltzman law. The downward long wave radiation was calculated for clear sky conditions using the formula (Brutsaert 1982) The upward long wave radiation was computed using the equation
The water vapour pressure of the air was computed from the measured air temperature and relative humidity of the air at 2 m above the surface 
where the saturation water vapour pressure (e s , kPa) was computed using the equation (Buck 1981) : 
Heat balance and energy fluxes
The energy fluxes were estimated from the energy balance equation
The ground heat flux was computed using the equation (Moran et al. 1989) :
For the estimation of the latent heat flux, we used the Crop Water stress Index (CWsI) calculation developed by jackson et al. (1981) 
where: LE p -potential latent heat flux Thus, the latent heat flux can be calculated using
as Idso et al. (1981) showed, CWsI can be computed using three temperatures only. To obtain T s,min and T s,max , we used the means of 1% of the lowest and 1% of the highest values of the surface temperature from the histogram of our area, respectively. We proceeded from the assumption that in the area of our interest both non transpiring and well watered sites were present.
For the potential latent heat flux calculation (LE p ), we used Priestley and Taylor formula (Priestley & Taylor 1972): ( )
The slope of the saturated vapour pressuretemperature relation (Δ, kPa/°C) was modelled using polynomial regression. We found a narrow nonlinear correlation between Δ and the surface temperature based on the meteorological data (r 2 = 0.99, P < 0.001). We used the regression model:
The sensible heat flux was computed from the energy balance equation:
The Bowen ratio (β; unitless) was expressed as a ratio between the sensible and latent heat fluxes (Bowen 1926) :
Statistical analysis
We used descriptive statistics for the description of the parameters studied. The normality of the characteristics studied was tested using Kolmogorov-smirnov test. The parameters did not show normal distribution.
We used the non-parametric Kruskal-Wallis test to compare the climatic characteristics and energy fluxes of the vegetation units. Because we had varying numbers of data for different types of vegetation units, we selected one hundred values from each vegetation type using random selection for each parameter. The xerophytic communities were not included in this test due to insufficient data.
For analysing the similarity between the vegetation units, we used the cluster analysis (CLU). The distances between the groups were evaluated according to the mean values of the parameters studied. Because the groups correlated on the cardinal scale, the Pearson correlation coefficient and the test for similar linkage between groups were used as a measure of similarity between the groups.
The relations between the parameters studied were statistically tested using correlation analysis.
We used statistica 7.1 software system (statsoft, Inc. 2005) for all analyses.
RESULTS
The mean values of the monitored characteristics which describe the differences between the individual vegetation units are compared in Table 3 .
The highest mean surface temperature and the lowest humidity (characterised by the wetness index) were found on the mowed meadows (24.0°C and -49.2, respectively). The lowest mean surface temperature was found in the forests (19.4°C).
nDVI, as a measure of the amount of biomass and vegetation cover quality, was the lowest on the mowed meadows because they had been recently harvested, and the highest in the Carex brizoides communities. albedo, computed from the spectral reflectance, was the lowest in the forest communities (11.0%) and the highest in the Carex brizoides communities (17.1%). net radiation, an important factor in the assessment of the surface energy balance, was the lowest on the pastures (599.6 W/m 2 ) and the highest in the forest areas (663.6 W/m 2 ). The highest ground heat flux was found on the mowed meadows (88.8 W/m 2 ) and the lowest in the Carex brizoides communities (55.8 W/m 2 ). We found the highest sensible and the lowest latent heat fluxes on the mowed meadows (235.6 and 281.5 W/m 2 , respectively). The opposite ex-LE H = Table 3 . surface temperature (T s ), wetness index (WI), normalised Difference Vegetation Index (nDVI), albedo (α), net radiation (Rn), ground heat flux (H), latent heat flux (LE) and Bowen ratio (β) determined from the satellite data for the vegetation units, the whole catchments, and for the non-forested areas only an overview of the Bowen ratios showed that solar energy was converted mostly into latent heat in the forested areas (0.38) whereas on the mowed meadows the prevailing part of energy was directed into sensible heat (0.84).
To compare the characteristics of our vegetation units, we used the Kruskal-Wallis non-parametric test. The results showed that, apart from the xerophytic communities affected by insufficient number of data, all vegetation units differed significantly in all characteristics (P < 0.001).
To analyse the differences between the vegetation groups, we developed a similarity analysis based on cluster analysis of the mean values of the parameters studied. The distances between the vegetation groups expressed as Pearson coefficient r-1 are shown in Figure 2 . The graph shows that the distances between different vegetation units were small. Closer relations may be observed between the forests and xerophytic communities on the one hand, and between the wetlands, ruderal and degraded communities, and Carex brizoides communities on the other hand. Pasture units near the latter group. The mowed meadows are most distant from other vegetation units.
We also compared separately the characteristics of the non-forested areas of the catchments to the whole catchments (Table 3 ). The comparison between the non-forested areas of the two catchments showed that the albedo, net radiation, ground heat flux, and latent heat flux were higher in the non-forest area of the Horský catchment whereas the temperature, wetness index, nDVI, sensible heat flux, and the Bowen ratio were higher in the Mlýnský catchment. The comparison of the whole catchments showed the following results: the surface temperature, albedo, sensible heat flux, and Bowen ratio were higher in the Mlýnský catchment, the wetness index, net radiation, and latent heat flux were higher in the Horský catchment. The mean values of nDVI and the ground heat flux were similar with both catchments.
DISCUSSION
The landscape management substantially influences the structure, composition, and function of the land surface. This may affect also the climatic conditions and energetic regime and, consequently, the hydrological and ecological processes of the landscape (e.g. savenije 1995; Pokorný 2001; Figure 2 . Graph of similarities between the studied units determined by the cluster analysis (CLU) Ripl 2003; Gordon et al. 2005; Makarieva et al. 2006; Piao et al. 2007) .
In this study, we attempted to evaluate the impact of the selected vegetation types on the microclimatic conditions and energy fluxes. Using remote satellite data, we analysed seven vegetation units in two small mountain catchments.
as follows from the results (see Table 3 ), the mowed meadow and forest vegetation units showed the most extreme values in the climatic and energetic characteristics -the forests with their lowest temperature, albedo, sensible heat flux, and Bowen ratio, and the highest net radiation and latent heat and high mean values of the wetness index being one extreme, and the mowed meadows with the highest values of the surface temperature, ground heat flux, sensible heat flux, and Bowen ratio, and the lowest values of the wetness index and latent heat flux being the other extreme.
The highest values of the net radiation and the lowest values of albedo in the forest correspond with the results of Marková et al. (2006) . We could assume that a high input of energy is manifested in the high surface temperature and high sensible heat flux (Bala et al. 2007 ). Our results, however, showed that the mean surface temperature and sensible heat flux in forests were the lowest with all vegetation types studied. The latent heat flux was approximately 150 W/m 2 higher than in the pasture. We suppose that this was the result of many factors such as intensive evaporation of intercepted water, high transpiration, high leaf area index etc.
The statistical analyses showed that the vegetation units differed in all of the parameters studied. However, the statistical test examined all the data together and showed no apparent differences between the particular pairs of the units. This drawback was partially compensated by a similarity analysis based on cluster analysis (CLU) - Figure 2 . The close relation in the features of the forests and xerophytic communities is surprising because these communities are botanically very different. This phenomenon might in fact be an artefact because the xerophytic communities create narrow strips along the forests and it is difficult to separate them from each other on the Landsat images. The area of the xerophytic communities in our catchments under study is low and therefore its impact is rather negligible in this case.
The close similarity of the wetlands, ruderal and degraded communities, and Carex brizoides communities (Figure 2) is probably caused by similarly high amounts of detritus and organic matter (see nDVI values) in all these vegetation units, which are not cultivated by man. The high amounts of green biomass and organic matter on the surface indicate the ability to retain large amounts of water by these vegetation types (Kirkham 2005) . Soil & Water Res., 4, 2009 (Special Issue 2) 
: S49-S58
The driving factors which influence the energy fluxes on the surface can be divided into two categories: natural factors, and factors affected by the management. The first group consists of factors which influence topography, i.e geographical altitude and latitude, aspect of slope, and elevation over sea, etc. (see e.g. Yoshino 1975; Geiger et al. 2003; Hais & Kučera 2008) . We did not include these factors into our analyses as a pilot study (data not shown) had shown that under the conditions studied these factors did not significantly affect the characteristics analysed. The second group of factors affected by the landscape management is the spatial composition of vegetation and the amount of biomass in the area. The dominant units play a major role in creating the climatic conditions of an area. In our case, the energy fluxes and microclimatic conditions of the nonforested areas were predominantly determined by the mowed meadows, wetlands, ruderal and degraded communities, and by Carex brizoides communities altogether in the Horský catchment, and by the pastures in the Mlýnský catchment. The energy fluxes and microclimatic conditions of the total catchment area were determined mostly by the forest and by the pastures in the Horský and Mlýnský catchments, respectively (Table 1) .
The amount of biomass in the study area was expressed as nDVI. We analysed the relationships between nDVI and other characteristics. The index was closely related to the ground heat flux (r 2 = 0.93, P < 0.05). This was probably because of two reasons, first, the ground heat flux was computed from nDVI, second, nDVI was in a close relation to the wetness index (r 2 = 0.63, P < 0.05). as Peters-Lidard et al. (1998) showed, the thermal conductivity of soil increases with increasing soil water content. The soil water content or, in our case, the moisture of the surface can be considered a factor which is indirectly influenced by the management.
although a good relation between the amount of biomass and surface temperature has been described in literature (jenerette et al. 2007; Pokorný et al. 2007) , we found only a poor relation between nDVI and the surface temperature (r 2 = 0.27, P < 0.05). The correlations between the heat fluxes and nDVI were poor as well. This might be due to a balanced amount of biomass in the whole area. The only parts in our catchments with a considerably different amount of biomass during the remote scanning were the mowed meadows.
We suppose it was this fact that made the characteristics of this unit markedly different from the other ones.
In general, the differences between the selected vegetation units were only small in the characteristics studied. Only the mowed meadows displayed greater dissimilarities. We suppose that the levelling of our results was caused by two facts. First, the vegetation was in its maximum development stage which did not show the differences potentially expressed at the time of great differences of the amount of biomass. second, the weather which preceded the day of the remote sensing was rather rainy (Table 2 ) which led to a high relative air humidity and probably also to a high water content in the soil.
anyway, our results showed that the areas with a well developed vegetation cover attenuate the surface temperature through an intensive latent heat flux. as has been suggested in the short water cycle theory (Ripl 1995 (Ripl , 2003 Pokorný 2001; Kravčík et al. 2008) , the intensively evaporating vegetation retains close circulation of water and energy in the ecosystem (Brom & Pokorný 2009 ). a transformation of the vegetation cover may lead not only to changes in the water and energy budget of the landscape in question, but also to mineralisation and consequent leaching of nutrients and CO 2 release (Rees & Ribens 1995; neal et al. 2001; Procházka et al. 2008) . Our research has supported the importance of the role of vegetation in the solar energy dissipation and water use, and has contributed to other published results which point to the imperative need of wise management of the landscape in order to improve its functions.
CONCLUSION
Our analyses of satellite images showed that different types of vegetation exhibit different microclimatic characteristics as a consequence of their diverse use of solar energy. In the mountain area studied, the mowed meadows with their lowest humidity showed the highest surface temperature and sensible heat flux whereas the forests with the highest abundance of moisture, in spite of their highest net radiation, had the lowest surface temperature because they dissipated higher amounts of solar energy through the latent heat flux. This indicates that the landscape management may substantially influence the local climate through changing the distribution of the vegetation types.
